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SUMMARY 



An investigation was c.irried out in the SAGA" low- turbulence 
tunnel to develop low-drag airfoil sections suitable fbr admitting 
air. at the leading edge. A thickness dis tribn.tio'n having the 
desired type of pressure distribution was found from toots cf a 
flexible model . Other airfoil shapes were derived frora this original 
sha.pe by varying the t&lGlOteeSj bhe camber, the leading-edge radium, 
and the size of the lead$ag*edge opening. 

Lata, are presented giving the characteristics of. the airfoil 
ahape^ in the range of lift coefficients for high-speed and cruising 
flight. Shapes have been developed which shov no substantial 
increase in drag over that of normal low-drag type sections having 
minimum pressure at the sane position along the chord. Many cf these 
shapes appear to have higher critical compressibility speeds than 
plain airfoils of the same thickness. Low-drag airfoil sections have 
been developed with openings in the leading edge as large as 

percent of the maximum thickness. The range of lift coefficients 
for low drag in several eases is nearly as large as that of the 
corresponding plain airfoil sections. 

Measurements of maximum lift charac t oris tics were made for only 
a few configurations and no conclusions could be drawn as to what 
effect the leading-edge openings would have on the maximum lift 
characteristics of the complete wing# 
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Tiie leading edge of the wing has proved to be a convenient 
ocation for the entrc3iice to air ducts". This location is potentially 
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efficient "because the air can "be "brought to rest at this point 
without loss of total pressure. The placing of such openings in the 
leading edge of airfoils can lead, however, to serious increases 
in the external drag and to pressure peaks near the leading edge 
that can seriously reduce the critical compressibility speed. 
Even a very small peak, of course, eliminates the possibility of 
maintaining any extensive regions of laminar flow* 

Previous tests in the KACA low- turbulence tunnel (unreported) 
showed the possibility of admitting air efficiently at the leading 
edge of low-djrag-airf oil sections without disturbing the laminar 
layer. These tests, however, dealt with relatively small openings 
about 10 percent of the maximum thickness on an airfoil section of 
21 -percent thickness. In order to limit the span of the opening 
and to reduce d.uct losses, it is desirable to have as large an 
opening as possible and to admit the air at as low an intake- 
velocity ratio as possible « The purpose of the present investigation 
i3 the development of low-irag-alrf oil sections having large openings 
in the leading edge. . 

In the development of the basic shapes, a model consisting of 
two flexible metal sheets fitted with pressure orifices was used. 
The mod.el was mounted in the test section in such a manner that 
its' 3hape could be altered, from outside the tunnel while the effect 
on the pressure distribution could, be observed, on a rnaltitube 1 
manometer • The entrance -flow rate was controlled by maintaining a 
fixed ratio of nose -to -tail openings. When the shape having the 
desired type of pressure distribution was obtained, the ordinates 
of the shai3e were measured and the pressure distribution was 
recorded. The ordinates of the symmetrical section obtained, in this 
manner were plotted and faired) the faired orcinates were then used 
in the construction of a wooden model. A more detailed investigation 
of the characteristics of the airfoil section and the effect of 
various changes in shape was carried. out with wooden models. 

The present investigation deals primarily with the determination 
of section characteristics in the range of lift coefficients for 
high-speed and cruising flight. Although the importance of determining 
the effect of the use of these sections on the maximum lift of the 
wing is realized, it is felt that this effect can best be found 
from tests of a complete airplane mod.el rather than from tests of 
a two-dimensional model of the nose-air intake section. Because 
the openings in the leading edge may extend over only a relatively 
small portion of the span, measurements of the maximum lift of the 
nose-opening sections alone would not give reliable information 
concerning the effect of the use of the sections on the complete airplane. 



For this reason systematic measurements of section maximum lift 
coefficient have not been made; although some information on thi 
subject has been obtained for a few conditions. 



SYMBOLS 

The symbols used are defined as follows: 
V free -stream velocity 

V n velocity of air entering the nose opening 

q free-stream dynamic pressure ^|p v ^ 

p local static pressure 

H free -stream total pressure 

S pressure coefficient ^ H " $S 

H t total pressure at exit 

AE loss of total pressure through duct (H - Hf.) 

c d section prof lie-drag coefficient ($2] 

\W 

c z section lift coefficient rJLj 
a angle of attack, degrees 
5 f flap deflection, degrees 
A t are?t Of traili&g-edge exit 
A n . area of , leading-edge entrance 

distance along chord from loading edge of airfoil 
distance perpendicular .to • chord • 
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c chord 

p mass density 

d„ section drag 
o 

I section lift 

R Reynolds number 

APPARATUS AND METHODS 

The investigation of low-drag airfoil sections 
reported herein was carried out in the JTAOA low- turbu lence 
tXfl! which is designed to test models^in two-dimensional 
flow. This tunnel has a test section 3 feet wide anu ?* 
tlll high. The turbulence level of the air st r earn in the 
tunnel is extremely low. Turbulence measurements wt~ a 
hot-wire anemometer indicate that the fluctuations of 
velocity are less than 0.1 percent. 

The flexible model, which consisted of two 0.024- 
inch- thick sheets of aluminum alloy, had a chord of 3 
fpet and a span of 3 feet. The sheets were mounted on 
eijnt l/Cilll spanwise stringers that extended through the 
tunnel walls. Changes in the shape of the model could 
be made while the tunnel was running by changing^the posi- 
tion 'of the stringers from outside the tunned On each 
surface of the model, at the midspan position, v;ere lb 
pressure orifices that were connected to a multitube 
manometer. A sketch of the model is given in figure !• 
Although the flexible model was satisfactory for determining 
the outlines of the greater part of the section, it was not 
suitable for a study of the effects of changes near the 
leading edge. The internal shape furthermore did not make 
a suitable duct. Accordingly, the investigation was con- 
tinued with the use of wooden models. 

The wooden models were of 3-foot span and of approxi- 
mately 24-inch chord or 60-inch chord. They 

two sections, each section having a flexible metal trailing 
edge that could be used to adjust the size of the exit for 
varying the flow rate and as a split flap. The top and 
bottom sections were held together with l/2- inch plywood end 
plates and several internal steel spacers. A photograph 
of a typical 60- inch-cho rd wooden model is snown m 
figure 2. 
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Pressure-distribution measurements were made on the 
flexible model "by the use of the pressure orifices and on 
the wooden models "by means of small st at ic tubes of 0. 040- 
inch outside diameter, mounted on supports approximately 
0..25 inch.aboye the model surface. Pressure distributions 
are presented as curves of the pressure coefficient S 
plotted against cho rdwise .pos it ion*. ; It is to be noted 
that, in forming" this coefficient, free-stream total 
pressure is used as the reference pressure rather than 
free-stream static pressure. Surveys in a vertical plane 
at midspan indicated that the flow was more uniform at the 
exit than at the entrance. Measurements, of flow were 
therefore made by measuring static pressure and total 
pressure at the center of the exit. 

Drag was. measared. ay the wake- survey method. The 
integral of the loss of total pressure in the wake, a 
fairly close approximation to the drag, was measured with 
an integrating manometer. Corrections to this value were 
obtained by a method substantially equivalent to that of 
B. M;l* Jones given in reference 1. The lift was determined 
from- measurements of pressures along the floor and roof of 
the tunnel. Because the entire lift was not transferred 
to the tunnel walls within. the distance covered by the 
orifices, a correction, determined theoretically, was 
applied to the measured results to obtain the total lift. 
The data' present ed herein have been corrected for tunnel- 
wall effects. 



DEVELOPMENT OF NOSE-OPENING AIRFOIL SHAPES 

4» i r f o il shape 7 . - The measured ordinate s of the 
flexible model were faired to obtain a symmetrical shape. 
The thickness of this symmetrical shape wa.s then reduced 
to 16.9Q0 percent c. Ordinates for this .thickness 
distribution, called airfoil shape 7, are ^.iven in table I. 
The section was combined with an a = 0.5 type of mean 
line having a design lift coefficient of 0.2 to obtain 
the ordinates of the model. (See references 2 and 3.) 
The chord of the model was 24 inches. 

The model was first tested with a. sharp leading edge. 
The pressure distribution for this condition is given in 
figure 3. The slight peak in the pressure distribution 
on the lower surface near the leading e&ge, together with 
rather high values of the drag coefficient, indicated the 



desirability of making some modifications to the leading 
edge. Rounding the leading edge to l/32-inch radius 
resulted in the improved characteristics shown in figures 
4 and 5. 

In order to check the operation of the airfoil sec- 
tion in climb with an internal resistance to simulate a 
radiator, screens were installed that had a pressure drop 

k V • " 

equal to . 2-q when was equal to 0.9. Tests were 

o V 

made to determine whether this flow rate could be obtained 
.at a lift coefficient of 0.8. For this series of 
measurements, the sheet-metal trailing edge on the lower 
surface was bent down, forming a O.lbc split flap. The 
characteristics were measured for flap deflections of 
ll-£ , 15 9 and 20°. The results are given in figure 6. 

Tests to determine the maximum lift coefficient of 
the section wher. fitted with a 0.20c split flap deflected 
60° were made in the NACA two-dimensional tunnel. The 
maximum lift coefficient showed little variation with 
Reynolds number. Removing the screens also had little 
effect, A typical lift curve showing the peak is given 
in figure 7, 

41^-fQ_il shape 8.- Airfoil shape 8 was derived from 
an improvement in the fairing of the ordinates of the 
flexible model used in deriving airfoil shape 7. No 
reduction was made in the thickness, however, which was 
the same as that of the flexible model, 18.892 percent c. 
The ordinates for the symmetrical model are given in 
table II. Figure 8 shows the shape of the airfoil section. 

Tests of shape 8- with the sharp leading edge gave 
restilts similar to the initial results obtained for shape 
7, indicating that the sharp leading edge was too critical.. 
The leading edge was therefore rounded to approximately 
1/32-inch radius (fig. 8). Figure 9 shows the pressure 
distribution for the model in this condition.- Lift, drag, 
duct los3, and intake velocity were then measured. These 
results are given in figure 10 in nond im<*ns io nal form. 

In an effort to increase the low-drag range, the 
leading edge was cut back 2.489 percent c and was faired 
to a large radius (fig. 8). Ordinates are given in 
table III. Although this change improved the section 
characteristics (figs. 11 and 12), at least at low 
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Reynolds numbers, it. affected the pressure distribution 
adversely- near the leading edge, as. is seen in figure 9. 
For succeeding models, a somewhat- smaller 1 eadi ng- edge 
radius was: therefore chosen, . • 

Airfoil shape 9,^ Airfoil shape 9: is the same as 
airfoil shape .8 except for the leading-edge radius, which 
is somewhat smaller than the large radius te&ted on shape 8. 
The ordinates for shape 9 are given in table IV. In order 
to obtain results at higher Reynolds numbers, the chord of 
this and of succeeding models was increased to 60 inches. 
Lift, drag, duct loss, intake velocity, and pressure . 
distribution were measured for three different widths of 
the tail opening. These results are given in coefficient 
form in figures 13 to 15. 

.Airfoil sh ap e 10,. Airfoil shape 10 resulted from 
an effort to fair an opening of a given size into an IT AC A. 
65,2-215 airfoil section with mean line a * 0.8 (refer- 
ence 3) without changing the ordinates of -the original 
section back of the 0.^5c position. In order to avoid, 
changing the shape ■ of . the. mean line, a new symmetrical 
airfoil shape with the desired nose opening was derived, 
and this shape was cambered to the original mean line. 
This operation was performed by the use of shape 9, reduced 
somewhat in size, as a guide for the fairing in the 
neighborhood of the leading edge; this portion of the 
section was then faired into the NACA 65,2-015 section. 
A smooth curve was drawn by eye, joining the forward por- 
tion of the section with the 1IACA 65,2-015 section. In 
order to check the fairness of this curve, a measure of 
the curvature at several points along the surface was 
found, and this quantity was plotted against chordwise 
position. The- measure of the . curvature was com-outed 
according to the following formula 

h = 7(n r l) ♦ y (n4>iy 
n 2 . ; * n 

where y n is the ordinate at the chordwise position x n . 
The various chordwise positions x x , % , . .. x n must 
be equally -spaced; The original curve of h against x 
was not smooth. It was found necessary to make this 
curve smooth in order to obtain satisfactory pressure 
distributions. The curve of h against x was made 
smooth by successive arbitrary changes in the ordinates. 
The trailing edge was cut off at 0.91c to form the rear 
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opening. The resulting symmetrical section, designated 
airfoil shape 10, for which the ordinates are given in 
table V, was then cambered about an a - 0.8 type mean 
line with a design lift coefficient of 0.2 to obtain the 
ordinates of the model tested. ' The characteristics of 
this section were measured for three different widchs of 
the trailing-edge opening. These results are given in 
figure 16. 

In order to determine the. effect of . changin-g the 
angle between the line joining the upper- and lower- 
surface leading edges and the chord line, tests were made 
with the upper and lower surfaces shafted with respect to 
each other to give various amounts of stagger. The 
or' rinal- stagger, due to the camber, was 0.265 inch. 
Tests were also made w4th staggers of 0.53 inch and 1,10 
inches. Pata for the test n with increased stagger a're 
given in figures 17 and 16. The lift coefficient as a 
function of the a&g&i of attack for the various test con- 
ditipns is given In figure J.9 f 

The results of pressure-distribution measurements 
for shape 10 are given in figure 20. Figure 21 gives a 
comp? r iso.ii between the theoretical pressure distribution 
for the HACA 65,2-015 airfoil section and the basic 
symmetrical pressure distribution derived from figure 20. 

J^l rfoil shape 11 _» » Airfoil shape 11 is an airfoil 
section of approximately 0.25c maximum thickness. The 
ordinates were derived from those of airfoil share 9 by 
increasing the ordinates for shape 9 in the ratio of the 
thicknesses of the shapes. The leading-edge radius was 
also increased by this ratio. Ordinates for airfoil 
shape 11 are given in table VI. The- usual test results 
for this airfoil section are given in- figures 22, 23, 
and 24. 

Ai rf o i 1 shap e _1 2 Airfoil shape 12 was derived to 
study the effect of variations in the size of the opening 
in the leading edge. Shape 12 has the same maximum 
thickness as shape 9, out the leading-edge opening has 
been reduced from approximately 32.5 percent of the maxi- 
mum thickness to 23 percent of the maximum thickness. 
Ordinates for this shape ars given in table VII. The 
test results are given in. -figures 25, 26, and 27. 

Airf o il_shao.e_13^- Airfoil shape 13 represents an 
effort to obtain an airfoil section having a very large 
opening in the 1 ead ing • edge . It was obtained by simply 



spreading apart the upper. and lower surfaces of airfoil 
shape 9. The resulting section had . a maximum thickness 
of approximately 21.7 percent c and an opening in the 
leading edge of about 41.5 percent of the maximum thick»em # 
Ordinates for shape 13 are given in table VIII. the test 
results are presented in figures* 28 to 32 t 



. DISCUSSION 

' ' L ea d i^.gr, e Ag. e . , r A<* 1^ s «..~ As stated previously , eat ig~ 
factory : result s were not obtained with - the sharp leading 
edge. Comparison of figures 3 and 4 shows that the effect 
on the pressure distribution of slightly rounding the i 
leading edge is to eliminate the peak on the iower surface. 

Tests through a range of angle of attack, however* 
showed that the range of 1 if t . co efficients for low dr&g 
was very small. (See fig. 5.) In order to increase the 
range of lift coefficients for low drag, the leading edge 
was cut back considerably and rounded to a large radius 
as shown in figure 8. Although this change improved the 
low-rdrag range, as is seen in figure 11, it seems proba- 
ble that this radius is too large because of, its adverse 
effect on the pressure distribution shown . in figure 9. 
It is believed that the low-drag range at higher Reynolds 
numbers would be considerably smaller than that shown in 
figure 11. 

An intermediate value of the leading-edge radius was 
therefore chosen for airfoil shape 9. Although this, 
value of the 1 eading- edge radius may not be precisely, the 
optimum, the data indicate that somewhat larger or smaller 
radii lead to characteristics less satisfactory than those 
for the intermediate radius. 

£ikSLW_ rat_e._- The effect of variations in. the rate of 
air intake has been studied for a. number of the airfoil 
sections. Air must be admitted at the leading edge in 
order to obtain satisfactory characteristics. The mini- 
mum rate of intake to obtain low drag, however, depends 
upon the particular section. For airfoil shape 9 with a 
leading- edge opening of about 32 percent of the maximum 

i v *• V n 

thickness, this minimum rate is a value of — of approxi- 

V 

mately.0.38; for shape 13, With a .leading-edge opening of 
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about '23 percent -6f the maximum thickness., it is less than 
0.27. ; (See figs. 13(b) , 13(g) f and 25(c)..). 

'In general, the characteristics of the sections improve 
with increase in the flow rate up to the point where the 
internal duct losses begin to be serious; that is, the 
low-drag range is increased and the value o f the ' minimum 
pressure coefficient is reduced slightly as the flow rate 
is increased. It is noted that, although the low-drag 
range at first increases rapidly with increase in flow 
rat e above the minimum necessary to obtain low drag as 
seen frbm the data for airfoil snanes 9 and 10. (figs. 13(b) , 
1.3(c), and 16), further increase in the .flow ratVh£s ' 
little effect as indicated by the data for shat,e 12 :> 

(fig. 25) . • . . , * j; . ; . 

In all cases the loss of total pressure in the internal 
'•flow wa;s -negligible for a range of 1 i-f t, ..c.o ef f i c lent s some- 
what in exc es s of' "the low-drag rangq. ... Further increase in 
'the lift coefficient resulted in a gradually increasing 
loss associated with local separation of the internal 
flow at the leading edge. 

4LtL|L°i.l _^.kl5.l£?l§.§.§.^- The effect of changing the 
thickness ratio can be seen from a comparison of the data 
for airfoil' shapes 9. (figs* A3 to 15) and li (figs. .22 
to 24). Increasing the • thickness results in. an increase 
of the low-^drag range f .o r a given ratio of opening to 
maximum thickness. Although the minimum pressure' peak of 
shape 11 was higher than that of shape 9, the increase is 
not so" much as tvould be- expected. from : a corresponding 
increase in the thickness of 'a- plain airfoil section.. 
In this connection it should be noted that both shape 9 
and '"shape 11 have ■ cons iderably lower peak pressures' than 
would be found on'.plain airfo.il sections of the s.ame 
thickness. 

As previously stated, shape 11 -..wa s . derived from 
shape 9 simply by multiplying the ordinat.es of shape 9 by 
the desired ratio of thicknesses , Another method of 
increasing the thickness is illustrated by shape 13. In 
this case the upper and lower surfaces .: r ere separated by 
a constant amount. The data for, shape 13 (figs. 28 to 30) 
are very similar to those for shape 9, in spite of the 
fact that the thickness has been increased from about 19 
to 22 percent and the ratio of the size of the leading- 
edge opening to the maximum thickness has been increased 
from approximately 32.5 to 41 . 5 percent . It is significant 
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that the peak pressure for shape 13 is practically the 
same as t,hat for shape 9. 

Size 9/ lea di ng ed ;^e opening.** The effect of varying 
the size of the openirg in the leading edge while the 
maximum thickness is kept constant can he seen from. a 
comparison of the data for airfoil shapes 9 and 12 (figs. 13 
to 15 and 25 to 27). Shape 9 has a leading- edge opening 
approximately 32,5 percent of the maximum thickness, and 
the opening in shape 12 is approximately 23 percent of the 
maximum thickness. The data indicate that the smaller 
opening is much less critical to flov -rate and change of 
angle of attack than the larger opening. It is felt that 
shape 9 has about the largest- size opening in the leading 
edge that can he placed in a section of its thickness 
while still maintaining favorable aerodynamic characteristics. 

There is some indication that the low-drag range is 
strongly influenced "by the slope of the external contour 
in the neighborhood of the leading edge. Decreasing the 
size of the opening a nd increasing the thiqkness of the 
airfoil section both have the effect of increasing the 
slope near the leading edge. This larger slope has a 
tendency to increase the low-drag range. The conclusion 
should not be drawn, however, that this slope c,an he 
indefinitely increased , because it becomes difficult to 
.fair the forward portion of the section into a shape of 
reasonable thickness without causing pressure peaks to 
occur a short distance from the leading edge. 

P y e 8 gy r e . 4 1 at r 1 but ion «~ C o wp arisen of the pres sv r e 
distributions for tne various shapes with those for plain 
airfoils of corresponding thicknesses shows th?t the values 
of the minimum pressure coefficient for many of the nose- 
opening shapes are , considerably lower. than those for the 
plain airfoils. As an example, airfoil sn?pe 13, which 
is 21.774 percent thick, has approximately the same value 
of the minimum pressure coefficient as. the NACU 66,2-016 
airfoil section at zero lift. A lower value of the peak 
pressure is of importance because it indicates an. increase 
in the critical compressibility speed of the section. 
This . incr ea s e enables the designer to use a thicker section 
than would otherwise prove feasible. 

The theoretical pressure district ions given for 
comparison with those for the various, no se-op.ening shapes 
are the pressure distributions for N^CA low- drag airfoils 
having the same thickness ratio as- those of the nose- 
opening shapes, except in the case of shape 10. Figure 
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21 gives a comparison between airfoil shape 10 and the MCA 65,2-015 
airfoil section. In this figure the trailing edge of shape 10 
corresponds to a value of 0.91 for x/c, and the trailing odge of 
the MCA 65,2-015 airfoil corresponds to a value of 1.0 for x/c. 
3fh© actual thickness ratio of 3hape 10 is, of course, greater than 
0 .15 because the chord has been decreased by 9 percent . Thi3 
comparison shows that the minimum pressure coefficient for a nose- 
opening shape is very nearly the same as that of the plain section 
into which it fairs; that is, no considerable increases in critical 
compressibility speeds are to be expected from nose-opening sections 
derived by modifying only the leading edge of the original plain 
aii-foil section. 



Maximum lift.- As stated in the Introduction, it is felt that 
the effect of nose-opening sections on maximum lift can best be 
found from tests of a complete airplane model rather than f rom 
tests of a two-dimensional model of the nose-air intake section. 
Such testa have not yet been made.' Some preliminary checks, however, 
indicate that the possible decreases in maximum lift should not 
be large. The maximum lift of airfoil shape 7 when fitted with 
a 20-percent-chord split flap deflected '60° is seen from figure 7 
to be 2.15. Measurements of the maximum lift of shape 11 cambered 
for a design cj of 0.4 with an a = 1.0 type mean" line gave a 
value of l.U at a Reynolds number of 6 x 10 s as compared with 1.42 
at the same Reynolds number for an 'MCA 65,2-422 airfoil section 
with an a = 1.0 type mean line. The maximum lift of .an 
MCA 65,2-215, a = 0.8, airfoil section- was measured with nose- 
opening shape 10 extending over approximately 11 percent of the span 
of the model. No change in the maximum lift was observed in this 
case. Such data , however, are too incomplete to draw any . conclusions 
as to the possible effect of leading-edge "openings on the maximum 
lift characteristics of the complete wing. 

Brag.- The values of the drag coefficient of nose-opening 
sections in the low-drag range are practically the same as those 
of the corresponding low-drag sections . Figure 31 gives a comparison 
between airfoil shape 10 and the MCA 65,2-215 airfoil section. 
It is seen that the low-drag range is somewhat less than that of the 
original section and that the drag outside of the low-drag range 
increases at a greater rate with lift coeff icient than for ' the 
plain section. A large -part of this increase in drag is due to 
the internal losses that occur at angles of attack outside of the 
low-drag range. The data indicate that the low-drag range increases 
(a) with increasing flow rate, (b) with decreasing entrance size 
for. sections of a given thickness/ and (c) with increasing thickness 
ii the ratio of the width of the opening to the maximum thickness 
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is maintained constant* Of the shapes tested, the largest lo 
drag range was shown "by shape 11 with a lift-coefficient rang 
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for low drag of 0.1* with a -S of 0.k8 (fig. 22(a)). 

y 

APP li . c a, t M ) il'" I 1 " appears from the present data that the proper 
use of the nose -opening sections presented in this report can" lead 
to cooling installations having practically no additional external 
drag in the range of lift coefficients for high-speed ond cruising 
flight. Although most of the airfoil shapes for which data, re 
given are symmetrical, these shapes can he treated in the sane 
manner as any other low-drag type symmetrical sections; that is, the 
symmetrical shapes can "be combined with a mean lino having the 
desired design lift in order to shift the range of lift coefficients 
for low drag and efficient Internal flow, as is indicated "by the 
data for shape 10. (See fig. 16(a) .) Staggering the opening had an 
effect similar to the effect of an Increase in the camber, only 
smaller. Results showing the effect of various amounts of stagger 
are given in figures lo(t), 17, $txa 18. 

If it is desired to fair nose-opening shapes into existing 
airfoil sections, it is recommended that a procedure similar to 
that used in the derivation of shape 10 he" employed . In particular 
it is usually desirable not to alter the shape of the original mean 
line and to he certain that the variation of curvature along the 
surface is smooth and continuous. 

Because the amount of air required for cooling in the climb 
condition is nearly as much as is required in the high-speed 
condition, the intake-velocity ratio in the climb condition mu3t 
be considerably greater than for the high-speed conditions. Tests 
of airfoil shape 7 with an internal resistance having a pressure 
drop of -|q at an in take -velocity ratio of 0,9 showed the 

possibility of obtaining high intake- velocity ratios at high lift 
coefficients. Interpolation of the results given in figure 6 shows 
V. 

that a flow rate J* of 0.9 car. be obtained at a lift coefficient 

of 0.8 with a combined cooling control and a split flap deflected 17 . 
An analysis of the drag data obtained from this series of testa 
indicates that the external drag caused by deflection of the flan is 
rauchJLeea than that ordinarily associated with the deflection of a 
split flap; in fact, the increase in total drag is the increase that 
could he associated with the internal losses. This result la 
reasonable because the flow over the upper surface of the flap was 
not stalled. 
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A few short test:; wore made to determine suitable methods of 
ending the opening and fairing the nose -opening shape into the 
wing in the spairwise direction. These tests indicated that the 
opening should he closed gradually in a length equal to at lees t 
tw.ico the raaxiwua height of the opening. Semicircular or elliptical 
ends were unsatisfactory * 



CONCLUSIONS 



1. Airfoil sections of the low-drag type, suitable for admitting 
air at the leading edge without substar+tiaL increase in drag, have 
"been developed . 

2. Many of the sections tested appear to have higher critical 
compressibility speeds than plain sections of the same thiclmess. 

3 . Low-drag sections have "been developed that have openings in 
the leading edge as large as k±* : ) percent of the maximum thickness. 

k* The range of lift coefficients for low drag in- several cases 
is nearly as large as that of the corresponding plain airfoil section. 

5. The measurements of maximum lift characteristics were too 
incomplete to draw any conclusions regarding the effect of leading- 
edge openings on the maxiivium lift characteristics of the complete wing« 



Langley Memorial Aeronautical Laboratory, 

Hational Advisory Committee for Aeronautics, 
Langley Field, Ya. 
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TABLE I 

THICKNESS ORDINATES, NOSE-OPENING 
AIRFOIL SHAPE 7 



(percent c) 
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Nose opening in percent of maximum, 
thickness: 32.580 



TABLE III 

THICKNESS ORDINATES, LARGE LEADING-EDGE- RADIUS 
NOSE-OPENING AIRFOIL SHAPE 8 



(percent c) 
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leading-edge radius: 
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TABLE II 

THICKNESS ORDINATES, SHARP -LEADING - EDGE 
NOSE-OPENING AIRFOIL SHAPE 8 
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Nose opening in percent of maximum 
thickness: 31.760 



TABLE IV 

THICKNESS ORDINATES, NOSE-OPENING 
AIRFOIL SHAPE 9 
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Location of leading-edge radius center: 
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Nose opening in percent of maximum 
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NACA TABLE V 

THICKNESS ORDINATES, NOSE-OPENINQ 
AIRPOIL SHAPE 10 
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TABLE VI 

THICKNESS ORDINATES, NOSE-OPENINO 
AIRPOIL SHAPE 11 
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(percent c) 
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TABLE VII 
THICKNESS ORDINATES, NOSE-OPENINO 
AIRFOIL SHAPE 12 



(percent c ) 
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9.455 
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Location of leading-edge radius center 
0.179 2.378 



Location of fairing point in opening: 
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Nose opening in percent of maximum 
thi ckn e as: 23.122 



TABLE VIII 
THICKNESS ORDINATES, NOSE- OPENING 
AIRFOIL SHAPE 13 



(percent c) 
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Location of fairing point in opening: 
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Nose opening in percent of 
thickness: Ul.508 
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Figure 3.- Pressure distribution for airfoil shape 7 cambered for c; = 0.2 wl Jn 
sharp leading edge, a, 0°; 7 n A, °- J ^; A t /A n , 0.1+39; R, 2.02 x 10*. 
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Figure U.- Pressure distribution for airfoil shape 7 cambered for Cj = 0.2. 

Leading-edge radius, l/32-inchj a, 0°; Vn A, 0.1*26; A t /An, 0.1+39; 
R, 2.02 x 106. 
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Figure 5«- Section characteristics for airfoil shape 7 cambered for Cj = 0.2. Small 
leading-edge radiua. a, 0°; A^/A^ 0.1&9; R, 2.25 * 
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Figure 7.- Section lift coefficients for airfoil shape 7 cambered 
for c^ = 0.2 with 0.20c split flap deflected 60°. 
Two 50-mesh screens to simulate cooling resistance. 
R, 3.13 * 106. 
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Figure 8.- Airfoil shape 8 showing several leading- edge shapes and typical internal duct 
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Figure 9.- Pressure distributions for airfoil shape 8. a, 0°; V n /V» O.I4.65; 
AtAn> 0.536; R, 2.00 x K>6. 
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Figure 10,- Section characteristics for airfoil shape 8 with small nose radius. 
A t /An. °*536; R, 2.27 * 10*>. 
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Figure 11.- Section characteristics for airfoil shape 8 with large nose radius. 
HA*, °*536; R,' 2.27 x 10*. 
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Figure 12.- Section lift coefficients for airfoil shape 8 with Figure ll±.- Section lift coefficients for airfoil shape 9 for M 
small and large nose radii. At/A n , 0,536; various flow rates. R, 6.I4.3 x 10^ • J° 

R, 2.27 x 106. £ 
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— Theoretical pressure distribution 
for an MAC A 66,2-018.87 airfoil 
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Figure 15.- Pressure distributions for airfoil shape 9. a, 0°; R, 6.I4.3 x 10^ # 
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Figure 16.- Concluded. 
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Figure 17.- Section characteristics for airfoil shape 10 at R ■ 6.U5 x a 
stagger of 0.55 Inch. At/*n# O.538. 




Figure 18.- Section characteristics for airfoil shape 10 at R = 6.J|3 x and with 
stagger of 1.10 inch. Afc/A^, 0.538. 
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Figure 20.- Pressure distributions for airfoil shape 10. a, 0.55°; R, 6. 1*3 x 106. 
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Figure 21.- Basic symmetrical pressure distribution for airfoil shape 10, derived from 
figure 20, oompared with the theoretical pressure distribution for an 
NACA 65,2-015 airfoil section. 
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Figure 22.- Section characteristics for airfoil shape 11. R, 6.^3 x 10^. 




(b) At/*n» °«^59. 
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Figure Jl Comparison of low-drag range for airfoil shape 10 from figure 16 and 
NACA 65,2-215 airfoil section, R, 6.7 x 10^. 
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Figure 28.- Section characteristics for airfoil shape 13. A^An, O.67I; R, 6.1|3 x 10^. 
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Figure 30.- Concluded. 
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